Asthma linked with rhinosinusitis: An extensive review 
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ABSTRACT 

Current literature related to asthma diagnosis, epidemiology, pathogenesis, and treatment linked with rhinosinusitis is 
important. Asthma is very heterogeneous; new theories and treatments are emerging. It is a growing epidemic among children 
and adults in the United States and the severity of asthma is caused by many factors such as lack of education, poor early 
recognition, decreased symptom awareness, improper medications, and phenotypic changes. Genetic variation, innate immune 
genes, those involved in tissue remodeling and arachidonic acid metabolism, and inflammatory mediators might contribute to 
the pathogenesis of chronic rhinosinusitis (CRS) linked with asthma. This extensive review addresses concepts of the burden 
of asthma and sinusitis, altered innate immunity, adaptive immunity, asthma remodeling, the airway epithelium, the role of 
airway smooth muscle cells, united allergic airway, genetics, an integral part in asthma, and CRS. In addition, the role of 
vitamin D in both asthma and CRS in the elderly and pediatric population, various treatment options, and exhaled nitric oxide 
are briefly addressed. 

(Allergy Rhinol 5:e41-e49, 2014; doi: 10.2500/ar.2014.5.0083) 



Asthma is a very complex disorder that involves the 
larger airways, but recent studies indicate that 
smaller airways play a key role in asthma exacerba- 
tion. Studies showed that individuals having more 
than two exacerbations per year have a higher degree 
of small airway dysfunction when compared with 
those with infrequent exacerbations. 1 The National 
Asthma Education and Prevention Program defined 
asthma as a chronic disorder that involves airflow ob- 
struction, bronchial hyperresponsiveness, and an un- 
derlying inflammation. 1 Racial /ethnic disparities in 
current asthma prevalence and medical care are a ma- 
jor public health concern. The differences in asthma 
prevalence and morbidity among major racial /ethnic 
populations in the United State were analyzed in the 
2001-2010 National Health Interview Survey for adults 
(>18 years old) and children and adolescents (<18 
years old). 2 Racial/ ethnic differences in current asthma 
prevalence, asthma attacks, and increased use of emer- 
gency room visits for asthma among minorities persist 
among children and adults, and appropriate and effective 
asthma management and education may lead to better 
asthma control and reduce emergency care use. 2 

The additional disease burden imparted by sinusitis 
and allergic rhinitis (AR) to patients with asthma was 
evaluated. 3 Patients with asthma and sinusitis and 
those with asthma, sinusitis, and AR had more total 
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health care visits and emergency room visits than did 
those with asthma alone. Thus, the additional disease 
burden of sinusitis on asthma is greater than that of 
AR, highlighting the importance of identifying comor- 
bid diagnoses with asthma. 3 

LINK WITH CHRONIC RHINOSINUSITIS 
AND BIOFILMS 

The current prevalence of chronic rhinosinusitis 
(CRS) across various treatment settings to identify pos- 
sible disparities in health care access and use between 
racial and ethnic populations was evaluated using sur- 
vey database registries and extraction to identify the 
national prevalence of CRS in race/ ethnic populations 
and resource use in ambulatory care settings. 4 Thus, 
CRS is an important health condition for all major 
race /ethnic groups in the United States and significant 
differences may exist across racial and ethnic catego- 
ries with regard to CRS health status and health care 

4 

use. 

Altered innate and adaptive immunity, tissue re- 
modeling, and/or effects of microorganisms may play 
a role in the development of CRS with nasal polyps 
(CRSwNPs) and its pathophysiology. 5 

A down-regulation of epithelial innate immunity by 
maladaptive T helper cell type 2 (Th2) tissue inflam- 
mation has been established in patients with recalci- 
trant CRSwNPs. 6 Maladaptive Th2 inflammation in the 
sinuses might negatively affect innate immunity in 
sinus mucosa by down-regulating Toll-like receptor 9 
expression and a defect in innate immunity most com- 
monly found in patients with refractory CRS is a de- 
crease in lactoferrin levels in sinus secretions. 6 

The adaptive immune responses that characterize 
Staphylococcus aureus biofilm-associated CRS, the rela- 
tive contributions of staphylococcal superantigens, and 



Allergy & Rhinology 



e41 



S. aureus biofilms in the inflammatory makeup of this 
disease has been documented. 7 S. aureus biofilms are 
associated with eosinophilic inflammation, across the 
spectrum of CRS, on the back of a Th2 skewing of the 
host's adaptive immune response, elevated eosino- 
philic cationic protein, and IL-5. 7 Bacterial biofilms in 
CRS, S. aureus biofilms, and exotoxins that act as supe- 
rantigens have been implicated in playing an impor- 
tant pathological role in the incidence, maintenance, 
and ongoing burden of CRS. 8 A better understanding 
of the interplay between bacterial factors, host factors, 
and the environment will facilitate better management of 
this disease. 8 Adaptive humoral immune responses in the 
airways are mediated by B cells and plasma cells that 
express highly evolved and specific receptors and pro- 
duce immunoglobulins of most isotypes. A recent review 
discussed the generation, differentiation, signaling, acti- 
vation, and recruitment pathways of B cells and 
plasma cells, with special emphasis on unique charac- 
teristics of subsets of these cells functioning within the 
respiratory system. 9 Antigen exposure in the upper or 
lower airways can also drive expansion of B-lineage 
cells in the airway mucosal tissue and lead to the 
formation of inducible lymphoid follicles or aggregates 
that can mediate local immunity or disease. 9 

REMODELING IN ASTHMA AND CHRONIC 
SINUSITIS 

Asthma pathophysiology involves airway inflamma- 
tion, epithelial, smooth muscle dysfunction, and air- 
way remodeling. 10 Airway remodeling includes cellu- 
lar proliferation, increased matrix protein deposition, 
basement membrane thickening, and angiogenesis. 11 
Alveolar epithelial cells may be more important in 
remodeling than bronchial epithelial cells. 

Vascular endothelia growth factor (VEGF) secretion 
from allergen-stimulated alveolar epithelial cells and 
expression of cell-associated VEGF was shown. 12 Der- 
matophagoides pteronyssinus is a common inhalant, in- 
door allergen, known for causing AR and airway in- 
flammation. VEGF secretions from normal human lung 
fibroblasts and a dose-dependent fashion was shown 
to increase aggregation of human lung microvascular 
endothelial cells in response to transforming growth 
factor (TGF) |3, in conditioned media from D. pteronys- 
sinus (Der pi) with confluent alveolar epithelial cells. 13 
Detection of airway remodeling in subsets of asthma is 
difficult and clinically useful biomarkers are needed. A 
selected panel of cytokines, growth factors, fractional 
exhaled nitric oxide (FeNO), and possible radiographic 
imaging may assist clinicians in detecting and provid- 
ing targeting therapy. 14 A defect in barrier function 
and an impaired innate immune response to viral infec- 
tion may provide the substrate on which allergic sensiti- 
zation occurs. The repeated allergen exposure will lead to 



disease persistence that could also be used to explain 
airway wall remodeling and the susceptibility of the asth- 
matic lung to exacerbations. 14 Asthma progression may 
be caused by persistent airway inflammation and / or im- 
paired repair mechanisms. Allergen inhalation induces 
activation of Th2 cells, which express cytokines including 
IL-5, which generates TGF-/3 + eosinophils that promote 
features of remodeling. 

Chronic asthma is characterized by enhanced epithe- 
lial-mesenchymal communications with the release of 
a range of different growth factors linked to remodel- 
ing. 15 The relative sensitivities of two markers of pro- 
liferation, proliferating cell nuclear antigen, and Ki-67, 
in airway smooth muscle, in vivo from subjects with 
moderate or severe asthma and healthy controls and in 
vitro was evaluated whether muscle remodeling is a 
dynamic process in asthma by quantifying the prolif- 
eration rate. 16 Proliferating cell nuclear antigen was a 
highly sensitive marker of proliferation and heparin- 
binding epidermal growth factor was noted to be a 
potential biomarker during active remodeling of air- 
way smooth muscle in severe asthma. 16 

Phenotypes of CRS can be differentiated based on 
mucosal remodeling and inflammatory patterns. 17 CRS 
can be differentiated into several subgroups based on 
specific remodeling, inflammatory cell, and cytokine 
patterns. 17 Current knowledge of factors that may pre- 
dict asthma comorbidity in patients with CRS has con- 
firmed that the same factors are also associated with 
severe asthma. 17 

TGF-61 is a major participant in the airway remod- 
eling of asthma, and enhanced epithelial immunoreac- 
tivity is known to occur in AR. 18 D. pteronyssinus aller- 
gens from dialyzed standardized immunotherapy 
extract was shown to induce apoptosis and increase 
TGF-61 secretion in confluent A549 cells treated with 
dialyzed D. pteronyssinus extract, which showed a four- 
fold increase in early apoptotic cells with a twofold 
increase in late apoptotic cells versus the control group, 
along with an increase of TGF-fil. 18 

TGF-/31 is known to play an important role in the 
tissue remodeling processes involved in CRS, with the 
biological functions of secreted TGF-/31 regulated by 
multiple proteins. The regulation of TGF-/31 activation 
and expression provides insight into the mechanism 
responsible for the different CRS subtypes, which will 
help further the investigation of novel therapy targets 
for the treatment. 19 

Fibrinolytic components, their receptors, and inhibitors 
are considered to play an important role in inflammation 
and tissue remodeling including CRS. 20 TGF-/31 levels 
correlated with plasminogen activator inhibitor 1 in 
CRS without NPs. 20 Fibrinolytic components were 
highly expressed in CRSwNPs compared with normal 
controls, whereas the inhibiting protein was up-regu- 
lated in CRS without NPs. Thus, correlations between 
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the expressions of fibrinolytic components and key 
mediators exist in CRS. 20 Distinct remodeling patterns 
exist for different types of CRS, particularly for eosi- 
nophilic and noneosinophilic forms. 21 TGF-/32 protein 
levels have been shown to be enhanced in CRS without 
NPs compared with CRSwNPs. Thus, tissue remodel- 
ing also associates with inflammation in CRS. 21 

Mucosal remodeling in the sinuses is a recently 
described phenomenon in which the mucosa under- 
goes potentially irreversible changes as a result of 
ongoing underlying inflammatory processes. 22 Re- 
search into remodeling that occurs in the bronchial air- 
ways in asthmatic patients has led to modification of 
asthma treatment guidelines and upper airway remodel- 
ing constitutes a new area of research that poses many 
unanswered clinical questions and may potentially alter 
the management of patients with severe CRS. 22 

Human airway smooth muscle cells (ASMCs) can 
participate in linking inflammation with remodeling 
and associated genes. Inflammatory responses of ex 
vivo cultivated human ASMCs to TNF-a were evalu- 
ated by whole-genome microarray analyses and tested 
for inflammatory and remodeling genes for sensitiv- 
ity to various agents. TNF-a induced the expression 
of 18 cytokines /chemokines and 5 tissue remodeling 
genes involved in severe / corticosteroid-insensitive 
asthma. 23 Thus, human ASMCs and human bron- 
chial epithelial cells participate in the interaction of 
inflammation and tissue remodeling. 23 ASMCs, 
which proliferate and produce more chemokines in 
patients with severe asthma, exhibit corticosteroid 
insensitivity, as previously observed in macrophages 
and T cells. 24 Cytokine expression of ASMCs in bron- 
chial biopsy cultures from adults with nonsevere 
asthma and severe asthma and control subjects were 
compared in patients with severe asthma. ASMC 
TNF-a-induced phosphorylated p38 mitogen-acti- 
vated protein kinase levels were increased, and sup- 
pression by dexamethasone of TNF-a-induced re- 
lease of chemokines were reduced. 24 Thus, a p38- 
mitogen-activated protein kinase inhibitor might 
have therapeutic benefit. 24 

Asthma can result from bronchoconstriction to air- 
ways inflammation and remodeling. 25 Omalizumab, a 
humanized anti-IgE monoclonal antibody, possesses 
anti-inflammatory activity by significantly reducing 
sputum and bronchial tissue eosinophilia compared 
with placebo, in addition to significant reductions in 
bronchial mucosal FceRI, IgE + cells, CD20 + B cells, 
CD3 + , CD4 + , and CD8 + T cells and cells staining for 
IL-4 compared with placebo. 26 Additional studies 
showed the anti-inflammatory effects of omalizumab 
compared with budesonide on TNF-a, TGF-/3, NO, and 
IL-4 markers of inflammation in human bronchial ep- 
ithelial cells 27 



A chitinase-like protein as a possible biomarker of 
inflammation and airway remodeling was evaluated in 
severe pediatric asthma. 28 The study included ques- 
tionnaires, measurement of eNO in exhaled air, blood 
sampling for inflammatory biomarkers, and high-res- 
olution computed tomography of the lungs to identify 
bronchial wall thickening. 28 

GENETICS OF ASTHMA AND RHINOSINUSITIS 

Gene environment interactions are important in the 
development of asthma and atopy. 29 Asthma results 
from the combined interaction of genetic and environ- 
mental factors. Serum YKL-40 levels were measured 
and all asthmatic children were genotyped for a 
CHI3L1 promoter single-nucleotide polymorphism. 
YKL-40 levels were increased in children with severe, 
therapy-resistant asthma compared with healthy chil- 
dren, and they were also compared with children with 
controlled asthma after correction for genotype. 29 An 
inherited or acquired epithelial susceptibility can occur 
to environmental agents, leading to induction of stress 
injury and repair. 29 However, an alternative therapy of 
asthma pathogenesis has emphasized the importance 
of the airway microenvironment or the epithelial mes- 
enchymal trophic unit. 29 The expression of asthma is 
dependent on the inheritance of local susceptibility 
genes, which have the potential to interact with atopic 
predisposition, whereas inheritance of atopy can occur 
in the absence of atopy. 29 

Asthma is a clinical heterogeneous condition and 
inflammatory mechanisms can contribute to variable 
results. Significant progress has been made identifying 
genetic polymorphisms that influence the efficacy and 
potential for adverse effects to asthma medications, 
including j32-adrenergic receptor agonists, corticoste- 
roids, and leukotriene modifiers. 30 Pharmacogenetics 
holds great promise to maximize clinical outcomes and 
minimize adverse effects. Genome- wide association stud- 
ies have begun to identify genes underlying asthma {e.g., 
IL1RL1), which represent future therapeutic targets 30 
Pharmacogenetics of current asthma therapies was re- 
viewed and discussed the genetics underlying selected 
phase II and future targets. 30 There has been good 
progress in recent years in asthma susceptibility gene 
discovery, driven mainly by genome-wide association 
approaches that investigate up to 1 million single-nu- 
cleotide polymorphisms in large populations com- 
posed of thousands of individuals. Many susceptibility 
genes are identified using this approach 30 Advances 
in adult asthma diagnosis and treatment in 2012 was 
reviewed, stating their potential therapeutics and 
gene- environment interactions 31 There was also de- 
bate on the effect of the environment on an individual's 
health from pollution, climate change, and epigenetic 
influences. These data underlined the importance of 
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understanding gene- environment interactions in the 
pathogenesis of asthma and response to treatment. 31 

Current literature regarding the genetics of CRS in a 
comprehensive fashion including genes involved in 
antigen presentation, innate and adaptive immune re- 
sponses, tissue remodeling, and arachidonic acid me- 
tabolism was reviewed. 32 Studies suggest that genetic 
variation in the cystic fibrosis transmembrane conduc- 
tance regulator gene, HLA genes, innate immune 
genes, inflammatory mediators including IL-13 and 
IL-33, and genes involved in tissue remodeling and 
arachidonic acid metabolism might contribute to the 
pathogenesis of CRS. 32 This review stated that one 
could be able to glean relevant information from ge- 
netic studies of related diseases of the airway, both in 
terms of methodological approaches and in terms of 
candidate genes implicated in other airway pathol- 

ogy- 

UNITED AIRWAY CONCEPT AND LINK 
WITH CRS 

Recent advances in AR, CRS, and asthma to under- 
stand the upper and lower airway as one system was 
reviewed. Excess mucosal inflammation with immune 
dysregulation is a common feature of AR, CRS, and 
asthma and an important role for innate immunity is 
now apparent and offers prospects of novel therapeutic 
approaches in the future. 33 

The united allergic airway is a theory that connects 
AR, CRS, and asthma, viewed as arising from a com- 
mon atopic entity. 34 Thus, AR, asthma, and CRS are 
linked by the united allergic airway, a notion that 
encompasses commonalities in pathophysiology, epi- 
demiology, and treatment. 34 The aggregation of re- 
search suggests that AR and asthma are, in fact, one 
syndrome in two parts of the respiratory tract, sup- 
ported pathophysiologically, epidemiologically, and 
through numerous clinical studies. Being afflicted with 
AR is often the harbinger of asthma at a future 
date. 34 The etiology for the connection between asthma 
and AR is likely multifactorial. Although nasal block- 
age and aspiration of nasal contents have long been 
accepted as contributing factors, there is a growing 
body of evidence that suggests that a systemic re- 
sponse plays an important role in the AR-asthma re- 
lationship. 34 

Patients with sinusitis should be evaluated for a pos- 
sible concomitant asthma and patients with asthma 
should always be evaluated for possible nasal disease, 
especially those suffering from difficult-to-treat asthma, 
in which an occult sinusitis may be detected. 35 The med- 
ications that treat nasal diseases appear to be useful in 
improving asthma control and in reducing bronchial 
hyperresponsiveness. Therefore, it is important to an- 
alyze the link between asthma and sinusitis, both in 



terms of clinical and pathogenic features, as well the 
therapeutic approach of those patients presenting with 
these diseases. 35 

The relationship between asthma and CRS has been 
clearly shown, and CRSwNPs has been considered to 
be Th2 dominant. Studies examining environmental 
microbial exposure in populations at risk for CRS are 
necessary to improve our understanding of the role 
this factor plays in disease development. 36 

Numerous studies have highlighted the fact that the 
respiratory system is a single entity and the concept of 
"united airway disease" has become very important. 
Patients with sinusitis should be evaluated for a pos- 
sible concomitant asthma and patients with asthma 
should always be evaluated for possible nasal disease. 
The medications that treat nasal diseases appear to be 
useful in improving control of asthma and in reducing 
bronchial hyperresponsiveness. Physicians should al- 
ways keep these notions in mind and evaluate and 
treat respiratory diseases taking into account the unity 
of the respiratory tract. 37 

ROLE OF VITAMIN D IN ASTHMA 
AND SINUSITIS 

Vitamin D is also capable of inducing the expression 
of several anti-infective molecules, such as cathelicidin. 
Thus, Vitamin D has a number of biological effects that 
are likely important in regulating key mechanisms in 
asthma. 38 The relationship between Vitamin D, asthma 
disease severity, and airway remodeling in asthmatics 
patients was evaluated. 39 Lower vitamin D levels in 
children with severe, therapy-resistant asthma were 
associated with increased airway smooth muscle mass 
and worse asthma control and lung function. The link 
between vitamin D and airway structure and function 
suggests vitamin D supplementation may be useful in 
the pediatric population. 39 

Vitamin D supplementation may lead to improved 
asthma control by inhibiting the influx of inflammatory 
cytokines in the lung and increasing the secretion of 
IL-10 by T-regulatory cells and dendritic cells. 40 Recent 
findings on the function of vitamin D may also explain 
aspects of the pathophysiology of CRS and may help 
direct future interventions and treatment of these dis- 

41 

eases. 

Vitamin D 3 insufficiency /deficiency is common in 
CRSwNP patients, especially in those of African Amer- 
ican race, and lower levels of vitamin D 3 are associated 
with worse Lund-Mackay scoring on computed to- 
mography scans. 42 The role of vitamin D 3 in CRSwNP 
warrants additional investigation 42 

ASTHMA AND CRS IN ELDERLY PATIENTS 

Asthma is associated with significant morbidity and 
mortality in the geriatric population. 43 Despite the ris- 
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ing incidence of asthma in people >65 years of age, the 
diagnosis is frequently missed in this population. Fac- 
tors that contribute to this include age-related changes 
to the respiratory and immune systems, lack of symp- 
toms, clinician unawareness, and lack of evidence- 
based guidelines for diagnosis and management that 
target this population. 43 A multidiscipline approach is 
needed to better manage these patients and a broad set 
of goals is needed to guide future management of this 
growing population. 43 The presence of atopy in pa- 
tients failing medical therapy for both types of CRS 
was examined. The objective of this research was to 
analyze the frequency and distribution of allergen sen- 
sitivity in patients failing medical therapy for CRS with 
and without NPs and CRS without NPs in comparison 
with rhinitis patients without CRS and the general 
population. Compared with control subjects and pa- 
tients without NPs those with NPs were older and 
more likely to be men. 44 

ASTHMA AND CRS IN THE PEDIATRIC 
POPULATION 

Asthma prevalence in the pediatric population has 
been on a steady increase since 2008. Early risks to 
decrease exposure to harmful conditions in the envi- 
ronment can trigger asthma which may not be clini- 
cally evident in children until they reach adulthood. A 
retrospective literature review on the prevalence of 
asthma in the urban environment versus the rural en- 
vironment was evaluated to understand the effect of 
the environment on asthma. 45 Obesity has been asso- 
ciated with asthma in patients from an underserved 
low physician-to-patient ratio. 46 and a minimal differ- 
ence in the prevalence of asthma in the urban and rural 
environment in pediatric patients was reported. 47 New 
clinical studies, especially in childhood asthma, sug- 
gest that inflammation and remodeling occur indepen- 
dently of each other and maybe occur in parallel, and 
that airway wall remodeling, especially of the airway 
smooth muscle, occurs before any signs of inflamma- 
tion can be found. 48-51 

Five to 13% of upper respiratory tract infections in 
children develop into acute rhinosinusitis and al- 
though not life-threatening, it profoundly affects the 
child's school performance and sleep patterns and if 
untreated, it could progress to CRS. 52 Rhinosinusitis is 
an upper airway infection with chronic implications 
and prompt management of acute cases would prevent 
cases from slipping into chronicity with resistant poly- 
microbial infections. Management of CRS is an expen- 
sive, long-term affair with high likelihood of complica- 
tions. Hence, prevention and control of rhinosinusitis will 
assist in decreasing morbidity and lessen the burden on 
health care expenditure. Achieving sinonasal eutrophism 
and efficient mucociliary transport is important to sinus 
health and reduction of recurrences. 52 



FeNO, ASTHMA, AND CRS PHENOTYPES 

Recent efforts to classify subphenotypes of asthma 
have focused on sputum cellular inflammation pro- 
files, cluster analyses of clinical variables, and molec- 
ular and genetic signatures. Researchers and clinicians 
can now evaluate biomarkers of Th2-driven airway 
inflammation in asthmatic patients, such as serum IgE 
levels, sputum eosinophil counts, FeNO, and serum 
periostin levels. 53 These markers can aid decision mak- 
ing in clinical trials and drug development and identify 
subsets of patients who might benefit. It is unlikely that 
these therapies will benefit all asthmatic patients; how- 
ever, there are advances in understanding asthma sub- 
phenotypes in relation to clinical variables and Th2 
cytokine responses. These subphenotypes offer the op- 
portunity to improve the efficacy and safety of pro- 
posed therapies for asthma 53 

Both pendrin and periostin in AR and CRS suggests 
that pendrin can induce mucus production and perios- 
tin can induce tissue fibrosis and remodeling in the 
nasal mucosa. Therefore, these mediators may be ther- 
apeutic target candidates for AR, CRSwNPs, and aspi- 
rin-induced asthma 54 

FeNO, peripheral blood eosinophil, periostin, YKL- 
40, and IgE levels were measured and compared bio- 
markers with airway eosinophilia in asthmatic pa- 
tients. FeNO levels and serum periostin levels in 59 
patients with severe asthma showed that of these in- 
dices the serum periostin level was the single best 
predictor of airway eosinophilia. Thus, periostin is a 
systemic biomarker of airway eosinophilia in asthmatic 
patients and has potential usefulness in patient selec- 
tion for emerging asthma therapeutics targeting Th2 
inflammation 55 

Recent evidence indicates that FeNO identifies Th2- 
mediated airway inflammation with a high positive 
and negative predictive value for identifying cortico- 
steroid responsive airway inflammation. 56 Evidence 
for FeNO as a predictor of Th2-mediated inhaled cor- 
ticosteroid (ICS) responsive airway inflammation was 
reviewed and recent studies evaluated the role of 
FeNO, determining whether it was helpful or not, in 
the assessment and management of pediatric asthma. 56 
The article stated that FeNO may be useful in identi- 
fying patients at risk for future impairment or loss of 
asthma control during reduction /cessation of ICS 
treatment and FeNO testing has an important role in 
the assessment of pediatric patients with suspected 
asthma and in the management of pediatric patients 
with established asthma. 56 

The alveolar fraction of eNO (C alv NO) in patients 
with mild asthma with different levels of control of 
symptoms and a significant correlation was found be- 
tween the Asthma Control Test (ACT) score and C alv NO, 
which was significantly higher in patients with uncon- 
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trolled asthma than in patients with controlled /partially 
controlled asthma. 56 The alveolar component of eNO was 
associated with the lack of asthma control in patients 
with mild, untreated asthma. This article stated that this 
observation supports the notion that abnormalities of the 
peripheral airways are implicated in the mildest forms of 
asthma. 57 

FeNO is most accurately classified as a marker of 
Th2-mediated airway inflammation with a high posi- 
tive and negative predictive value for identifying cor- 
ticosteroid-responsive airway inflammation. 58 Results 
of a meta-analysis of three adult studies comparing 
asthma exacerbation rates with FeNO-based versus 
clinically based asthma management algorithms, one 
of which was not included in a 2012 Cochrane meta- 
analysis, stated that FeNO has value for identifying 
patients with airway inflammation who will and will 
not respond to corticosteroids and the use of FeNO in 
conjunction with clinical parameters is associated with 
significantly lower asthma exacerbation rates com- 
pared with asthma managed using clinical parameters 
alone. 58 Thus, these data indicate that FeNO testing has 
an important role in the assessment and management 
of adult asthma and further studies will continue to 
define the exact role of FeNO testing in adult asthma 58 
Decreased FeNO levels after a targeted educational 
intervention in Hispanic and African American adult 
asthmatic patients was recently reported. 59 FeNO 
mean change score significantly differed (p = 0.049) 
between the treatment and control groups, with a 
larger mean change score for the treatment group. A 
targeted educational intervention was studied to verify 
if it would have greater benefits for adult asthma pa- 
tients than standard education for our primary out- 
come of FeNO, and a secondary outcome of the ACT 
score was evaluated. However, there was no signifi- 
cant difference for ACT mean change scores between 
the treatment and control groups 59 Small airways dys- 
function was reviewed and showed an association be- 
tween worsening asthma control, higher numbers of 
asthma exacerbations, the presence of nocturnal asthma, 
more severe bronchial hyperresponsiveness, exercise-in- 
duced asthma, and the late-phase allergic response. Early 
recognition of small airways dysfunction is important for 
both the patient and the physician, allowing for faster 
treatment targeted toward the small airways. 60 

ASTHMA AND RHINOSINUSITIS PHENOTYPES 

The clinical phenotype of asthma as notoriously het- 
erogeneous, affected by genetic and environmental ex- 
posures in addition to interactions between airway 
structural cells including epithelial cells, and the im- 
mune system, and contributions from cells other than 
Th2 cells was discussed. This complex interplay has 
made it increasingly apparent that immune responses 



are tailored to the individual patient and determined 
by the weight of each influence, and thus asthma as a 
Th2 disease is too conservative but is an important 
concept that needs to be addressed, in animal models 
and clinically, is that of T-cell plasticity and how lym- 
phocytic responses are determined by environmental 
influences. 61 

Both genetics and phenotyping in chronic sinusitis 
with a focus on recognized distinct presentations of 
chronic sinus disease including distinguishing clinical 
presentations, cellular and molecular characteristics, 
genetic differences, and current treatment options was 
discussed. 62 

The diverse CRS phenotypes using cluster analysis 
was investigated. CRS was classified into four pheno- 
types based on NPs and mucosal eosinophil counts. 
Cutoff points for these factors were identified by tree 
analysis. 63 Glandular mast cells with distinct pheno- 
types in CRSwNPs were evaluated. This study showed 
a unique localization of mast cells within the glandular 
epithelium of NPs and showed that mast cells in NPs 
have distinct phenotypes that vary by tissue location. 
Thus, glandular mast cells and the diverse subsets of 
mast cells detected may contribute to the pathogenesis 
of CRSwNPs. 64 

TREATMENT OF ASTHMA AND CRS 

There is a vast range of medications for asthma and 
CRS by the general practitioner and in consultation 
with the specialist. Asthma medications involve /3-ago- 
nists, leukotrienes, ICSs, combination medications in- 
volving /3-agonists and ICS, and omalizumab ap- 
proved for patients with moderate-to-severe allergic 
asthma who fail corticosteroid therapy. The use of 
omalizumab was studied in 4308 patients and 38% had 
a reduction in asthma exacerbation and 47% had fewer 
emergency room visits. Interim data from the EXCELS 
study published in 2012 showed that patients with omali- 
zumab therapy experienced improvement in asthma con- 
trol, which was maintained during 2 years of longitudinal 
follow-up. 65 

Many patients desire the use of nonpharmacologic 
agents for symptom relief and thus many studies are 
focusing on this practice of medicine. A knowledge 
translation framework to implement asthma clinical 
practice guidelines in a multistep approach was de- 
scribed by the Canadian Institutes of Health Research 
System. 66 A regional administrative infrastructure and 
interdisciplinary care teams were developed and six 
guideline-based care elements were implemented, in- 
cluding spirometry measurement, asthma controller 
therapy, a written self-management action plan, and 
general asthma education, including the inhaler device 
technique, role of medications, and environmental con- 
trol strategies. 66 A recent study indicated that chest 
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physiotherapy may improve quality of life, cardiopul- 
monary fitness, and inspiratory pressure and reduce 
symptoms and medication usage. 67 Adding a compre- 
hensive lifestyle modification program to standard 
medical management can offer greater clinical benefit 
then standard management alone. 68 Increasing inter- 
ventions that account for literacy might improve asthma 
outcomes but larger studies need to be completed in the 
United States to prove effectiveness among its patient 
populations. 69 

Several promising therapies for asthma that target the 
IL-13/IL-4 signal transducer and activator of transcrip- 
tion 6 pathway are in development, including anti-IL-13 
monoclonal antibodies and IL-4 receptor antagonists. 53 
The efficacy of these new potential asthma therapies de- 
pends on patient responsiveness and an understanding 
of how IL-13- directed therapies might benefit asthmatic 
patients. 53 

Dupilumab, a fully human monoclonal antibody to 
the a-subunit of the IL-4 receptor, in patients with 
persistent, moderate-to-severe asthma and elevated eo- 
sinophil levels was recently evaluated. In these pa- 
tients with elevated eosinophil levels who used inhaled 
glucocorticoids and long-acting j8 2 " a g omsts / dupil- 
umab therapy, when compared with placebo, was as- 
sociated with fewer asthma exacerbations when long- 
acting /3 2 -agonists and inhaled glucocorticoids were 
withdrawn, with improved lung function and reduced 
levels of Th2-associated inflammatory markers. 70 

Several new blockers of specific mediators, including 
prostaglandin D, 2 IL-5, IL-9, and IL-13, are in clinical 
trials that might benefit patients with subtypes of se- 
vere asthma, and several broad-spectrum anti-inflam- 
matory therapies that target neutrophilic inflammation 
are in clinical development. 71 Several subtypes of se- 
vere asthma are now recognized, and in the future, it 
will be necessary to find biomarkers that predict re- 
sponses to specific forms of therapy. 71 

Anti-TNF-a is a potential target for treatment of severe 
asthma. However, controlled studies have shown contro- 
versial results and the risk-benefit profile of TNF-block- 
ing agents is still debated. 72 A recent case series sug- 
gested that anti-TNF-a therapy may improve the 
condition of a subgroup of patients with severe ste- 
roid-refractory asthma with a favorable risk-benefit 
profile. 72 However, specific controlled trials of this 
subgroup are warranted. 72 

Literature supports the implementation of aggres- 
sive medical management as the mainstay of therapy 
for CRS. Scientific literature exists for the use of intra- 
nasal and systemic corticosteroids, antibiotics, nasal 
saline lavages, and unique therapies for individuals both 
with and without NPs. 73 There are also promising new 
biological therapies on the horizon with mepolizumab 
and omalizumab and treatment with aggressive medical 
management can potentially postpone the need for sur- 



gical intervention. Mepolizumab, an anti-IL-5 monoclo- 
nal antibody, was studied in 29 subjects, or placebos for 1 
year, and the primary outcome measure was the number 
of severe exacerbations. 74 It was shown to reduce exac- 
erbations and improves asthma quality of life question- 
naire scores in patients with refractory eosinophilic 
asthma. 74 

Clinicians should use intranasal corticosteroids and 
nasal saline lavages as maintenance therapy and sys- 
temic corticosteroids and antibiotics should be used for 
acute exacerbations, especially in individuals with 
NPs. 70 

There is no high-level evidence to support the use of 
oral antibiotics in CRS. Placebo-controlled studies of 
macrolide antibiotics indicate either no effect or limited 
degrees of improvement. 75 Recent literature has iden- 
tified that sinusitis refractory to medical therapy may 
represent an odontogenic source, and this should be 
addressed by dental surgery rather than by additional 
antibiotics. 75 Oral antibiotics can be prescribed most 
confidently for the management of CRS when purulent 
exacerbations of disease are detected endoscopically 
and antibiotic choices are directed by culture. Long- 
term macrolide antibiotic therapy, acting through im- 
munomodulatory pathways, may be of benefit in CRS 
patients with low IgE levels. 75 Functional endoscopic 
sinus surgery (ESS) has been shown to improve sinus- 
related symptoms and quality of life in children with 
CRS. 76 

This study evaluated 1-year outcomes in patients 
with CRS who were considered surgical candidates by 
study criteria and elected either medical management 
or ESS. In addition, some patients initially enrolled in 
the medical treatment arm crossed over to the surgery 
arm during the study period and their respective out- 
comes were evaluated. 77 With 1 year of follow-up, 
patients electing ESS experienced significantly higher 
levels of improvement in outcomes compared with 
patients managed by medication alone. In addition, a 
crossover cohort who initially elected medical manage- 
ment experienced improvement in several outcomes 
after crossing over to ESS. 77 

In conclusion, this study has extensively reviewed 
the link with CRS and biofilms; remodeling in asthma 
and chronic sinusitis; genetics of asthma and rhinosi- 
nusitis; the united airway concept and link with CRS; 
the role of vitamin D in asthma and sinusitis; asthma 
and CRS in the elderly and pediatric population; 
FeNO, asthma, and CRS phenotypes; and the treatment 
of asthma and CRS. 
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